lobals.pas globals.pas

tor § = 1 to MmbDenafones
resd in
AW — see below CopreedrlantMix(l).Deasity
CopresdPlantMix|i) . UgdPat
CoprsedriantMix(}) . BurPct
CopreedPlantMix{i] . AerPct

SoftRockStsuc|i).DistAer

cead in the values for the array HardRockStrue (rom the file har@roch. tat:
for { = 1 to MmbDenaslones WY - see below
read n

RBaxrdRookStrua(i] . Denalty
BasdRookStrso(i) . FeedUpd resd in tha values for tha array FibFeedPlantHlx froa the file fdrmix.txt:
MardRockStrxeo{i) .DistOgd

SardRockStxuall] . Fesdiur tor £ = 1 to MmDensfones

RKardRockStruc|l] .Distdur resd in
RagdRook#tzuoli) . reedAer ribreedPlantMix(i}.Density
FibreedrlantMixii) . DgtPct

RardRockStsua(l].DistAer
ridbreedrlantMix(i) . Burbct

*\W —see below ribreeadPlantMin{i) . AsxPot y

14Y ~ The file (drmiatat Is used 1o populste both the CopFeedPlanthtis array, and the FIbFeedPlantMic acray. Il these
arrays are meant (o be ldeatical, them only ane of the arrays should be used. 1 they sre separaie because of the ponsiblilty
(hat they might contaln different data, then separate tat files should be used to populste them. The way it {s now, they will
always be Identical

raad in the values for the array ManholeCost from the file mhcost.txt:

MmManholeSisas ~ 0

s

for each line in the file
MumManholeSises - MumsManholefiszes + 1
read in
MHanholeCost [NumianholeSizes] . DuatCap
ManholeCost [MuaManholeSizes)| MoxmalCost
ManholaCOest [hmMankolesises) . BoftCost
MHanholeCost [NumManholesizes] . RaxdCost

SW = see below

read In the values for the array FillFfact from the flle fillfacc.txt:

tor 1 = 1 to MmbDensfones
iread in
:rillraat|i].Denslty
yiliraot|i).FeedFillFactor

read In the values for the array Manholespac (rom the flle mhspace.tat:
rilirsct|i).DistriliFactor

tor | = 1 to MmbDensfonss
read in
MHanholeSpaall) Density
Manholsf#pac(i).ManholeSpacing

W - see below

read In the values for the array Shaiing from the f{lle sharing.txt:

“\V ~ 1¢¢ below
for 1 = 1 to mmbensfones
read in .

antMix from the flle distemix.txt: sharing(l) . Density
Sharing(i) .bur_sbhase
tor L =.1 to MmbDensfones Sharingii) .ugd_shaxe
read in Sharing|l).aes_shaxe
Distrlantiix(i).Density
plstPlantiinii) . DgedPot
DistPlantMix(l].PuzPot
DistPlantiix(i) . AesPat

cread in the values for the array pistPl

AW — st Delow

read in the vaules for the array SurfText from the file soiltx.txt:
A\ -~ see below
MmTaxTypes = 0

dPlantMix from the file [drmix.tnti . tor each lins in the flle

resd in the values for the array Copfee
MmTexTypes - MmlexTypes ¢ 1
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Idist.pas fecddist.pas
dist_ugd cable = gero
lines_saxrved - lines served ¢ grid lines served dist bur cable - z810
dist _aexr_cable - seKO0
next record dist_upd struoture - serxo
dist_busx_struoture - sero
Readd' from 'DERFile 'into! vaciable dédsity dist_sexr struatuse - sero
DistManholeCost ' - sero
CalcCufeedrill - gero
call optimise_fasder_ arxangement {feader . pas) CalcCuDletrill - sexo
pass variables: tot_pLC_lines - 050
SwitchX = GR.8vitohx tot_sals - zexo0
Suitchy - GR.SwitohY tot_ares - 2050
dansity Y (R dehs sty
num_SA’s ~ aum SAs
‘SA:lruy ~ SA_scxxay for § = 1 to mum_SAs
*feader cost =~ tot_feedcost
*feed 3plita"E0st K foad splice cont
*ugd_cabla = feed vgd cable Total lines - Total lines + BA array(i).lines
‘bur_cable - feed bux_cable ) !
‘aer_cablae « faed _asx_cable tot_tterms - tot tterms + SA axcay[i).nc96 ¢+ SA _array(i).nc2d
‘ugd _[lber = food ugd fiber ¢ SA_arxay[i].suchs + SA_asxay[l].snc24
‘bur_{iber = fesd Duc fiber
‘aar_tiber - feed sér_tiber tot_fterms =~ tot _fterms + SA array[i).n2016 ¢+ SA _array(1).n672
'uqd::tmctmo = feed ugd strxuoture "y ¢ SA_arxay[l].n96 + SA_array(d].n2d
*bur_structurs - feed bur_ struaturs
“asf_structrue - feed aér_struature tot_xeslines = tot reslines + BA _arxay|i}.Reslices
‘ManholeCost - FeedManholeCost
tot_buslipas ~ tot_buslines + SA arxay|li). Puslines
tot feedcost =" tot feadoost | feéd iplioe_ _cost tot_ssis = tot_sals + EA_arrayli].number_of EAls
\Cot_srea - tot_area : SA_srcayft). lines / BA_arsasy(i] . danstty
| Now collect results and print out. | -
tot_dropfeet - tot dropfeet + EA_arcay(i).grid dsop feet
W . These are all globe! varlables belng paased 1o and from the procedure. tot_distfest - tot_distfast ¢+ SA array[i).grid lins feet

tot_feedfest - ta:_f.cd.t.ot + BA array(ij.DistToSwitch * SA arcay(i]. lipes

tor_distcost =~ toc_distcost ¢ BA_sxxay(i).grid dlstxibution coast

tot_ttesms -0

tot_ftexms -0

rotal investment - aexo tot_dropcost - tot_dropaost ¢+ EA arrsy[l).drop cost
Total_liines ~ aexo

tot raslines - xeszo tot_ftcost = tot_ftcost M_arrlyul.tl.bor_t-xnunl_co-t
tot_busiines - sere

tot dxo’fnot - sero tot_ttcost = tot_ttcost ¢ &A__;rr-y(l.}.N_tom.lnn!_crut
tot—d‘ll-fl.t - sero ¢ M_ulny{tl.aocmdaxy__tn:-__co.t
tot_feedlest ~ aego

tot distcost - zaro tot_fdicost - tot_fdicost ¢+ SA _array(i).interfacs_cost
tot dropcost - 38K0

tot 2toost - sexo tot aidoost - tot_nidcost + BA_asrsay(i).mid cost
tot_ttoost - zero

tot #dicost - saxo tot dtcost ~ tot dicost ¢ M_ntroy{l)‘dx'op_camuul_coat
tot:nldco.t -~ zafo

tot dteost - sero tot_houssbolds - tot households « @A arxay(i].bousaholds
tot_spolAcclines ~ sero

tot howseholds - zaro tot_fpclAcolines = tot SpclAcolines + SA_arxray(i].SpalAccesslines



cddist.pas fecddist.pas

if aresname ~ 'batch’ then
do_bateh ~ trus
open the file Datohfils with the filename ‘*batch.lat’®

+ BA array[i]}.SpclAccessDBl * 12.0

dist bur_cable - dist bux_cable ¢+ SA szxay[i].bur cable csll proocess (or eaCh arsanime in batchflle (teeddist.pas)
else
diet_asr cable ~ dist aex cable + SA axsay[i].aex cable call proasss With arssname (feaddiat.pas)
end ([ '

dlet_ugd cabla - dist ugd cable ¢+ 8A arxay[A).ugd cable
dist ugd structure = dist ugd structure ¢ SA arxayll).ugd struotuse

SW . Passiag a glebal varable te the routine
dist_bur_struature = dist bux_struotuse ¢ SA_array(i].bur struature

dist_ser structure - dist aer_strwatuse ¢ SA arrsy[i].ser_structure

DistManholeCost - DiatManholeCost ¢+ SA axrayll).ManholeCost

CaloCuDistrill = CaloCubistFill ¢+ SA arcayll].lines
¢ fi11_faotor_fn(SA_ssxay[i).desasity, 0) {global pas)

{f {BA_srray[1).n2016 ¢+ A acrcay{i) .n672 ¢« BA_axsay{i).n96 + BA srxay(i].aldy -~ 0
then CalcCuFeedrill = CalcCuleedrill ¢+ SA arxay[i).lines
* £41) faotos_fn(BA arsay{i).density,l) (global.pas)

tf (8A_asray[l).n2016 ¢+ SA arzay[i} . né72 ¢ n_-;nyl“.-u ¢ BA array(i).n24) > 0
then tot DLC limes = tot DLC limes ¢+ SA_array(l).limes

next

Total investment = tot_fesdcost ¢+ tot distcost ¢ tot dropoost ¢+ tot fdicost
¢ tot_ttoost + tot_ftcost ¢+ tet nidcost + tot dtcost

average investment - total tnvestment / total lines
avg_droplength = tot_dropfeet / total linas

avg distlength =~ tot_distfest / total_1lines
avyg_fesdlength = tot feedfest / total lines
CalcCuDistrill = CalcCuDist¥ill / total lines
CalcCufeedrill = CalcCuFesdrill / total linass

call PrintOut

TART OF MAIN PROGRAM

heck for command line parameters - sot the following variablas

reAname
‘loseNindow
‘erboseOut
‘sarrimDist

rimCutOftDénslity =" Q
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distrib.pas

distrib.pas
1istrin.pas uc
be
‘he only procedure uvsed outside of this module i3 optimize_SAI_arrangement ac
us
bs
a3
'"ROCEDURE sort2vacs ah '
frontsge
passed varlables: 1ine_teet
o pct_ugd
cea pct_bur
‘rb pct_aar
this procedurs sorts the arrays ra and ¢b into ascending ordar based on the value of ra mgcounter -~ mgoounter + i
lines - z8ro .
factor - zaro
cocedure oalgulate miorogxid cost ) drop_length - zaro i
lines_per_lot - sero :
passed variables: total_ tots = sergo
GR density - tero
A cable_cost - serxe
microgrid_lines structure_cost = serxo
NS_lots % a9 _line_foet =~ sero
EW_lots flillfactor - zaro
9qauge ue - xero
‘1ins_vector bec - zero
“tie_in_vector ac - serxo
‘vdim us - z810
‘microgrid_cost ba - zerxo
*mg_line_feet as - sero
“drop_teet mh - zero
“drop_cost ugd_cabie - searo
‘drop_terminal_cost bur_cable - sero
*MG_nid_cost ser_cable - ser0
*ugd_cable uQd_structure ~ zero
‘bur_cable bur_structure - zero
‘asr_cable ' aer_structure - xero
*ugd_structure HanholeCost - xero
*bur_structure
"aer_structure for { = 1 to 50
*HanholeCost line_vector|i] ~ serxo
tie_in_vector{i} - zero
next
tocal variables: .
1 ‘0004&7—*—44140—4—6730}—‘-ﬂtoeogo#dii{b‘i—ffjcn;u}g,.c,"ugTA;c“'““PQG'*‘s“;
b]
lines Hond LEYT="sA ddneity
factor
drop_length { Correct for 11} factor }
lines_per_lot
total_lots FillFactor - £111 faotox_fn(density,0) (global.pas)
density
cable_cost if Flllfactor < 1,0e-6 then stop the program, E£rror - 'ERROR: Fill factor too small’
atructure_cost
microgrid_lines =~ microgrid_lines / fillfactor

flllfactor

23
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istrib.pas distrib.pas
‘ugd_structure - us
‘bur_structure ~ b3

total_lota ~ N$_lots * EMW_lots
*aer_structure - as

if total_lots < oss then stop the program, Error ~ 'ERROR: Total lots < 1°*
*manhole_cost - mh
linos_per_lot = microgrid_lines / total_lots *pct_ugd = pct_ugd
*pce_bur ~ pct_bur
{Starting at lower left of microgrid, we walk north up every other lot lline, B ‘pce_aer =~ pct_aer
accumulating lines and cable., ff we accumulate enough iines for a
new cable, we add it, repeating the exercise until we reach alther cable_cost ~ call dist_oable ocost fcabla.paa)
the ajdpoint of the nosthern boundary.) pass variables:
. lines =~ lines
microgrid_cost = zero dentsty = density
drop_teralnal_cost « zeroc gauge - gauge
MG_nid_cost =~ zexo *ugd_copper = uc
drop_cost = zero *bur_copper = bc
lines = sero *aer_copper = ac
line_feet - zero pcr_ugd = pct_ugd
drop_feet = xero pct_bur = pct_bur
L =1 pct_aer ~ pct_aer !
vdim = ¢ o
b€ J <= (NS_lots - 2) then {f{rontage of 2 lotsj)
loop while i <~ EW_lota
tactor ~ one frontage - (2 / N5_lots) * GR.HICroGrldNS * DistRoadFactor
tines = xero
=1 . microgrid_cost = microgrid_cost ¢ frontage
* © {cable_cost + atructure_cost)
loop while § <= N3S_lots ugd_cable = ugd _cable ¢ uc * frontage
{ Take in lots on both sides, top and bottom, unless this i3 a microgrid } bur_cable « bur_cable ¢+ bc * frontage
{ border, In which case take in lots only on one side. If It i3 the ] aer_cable - aer_cable + ac * frontage
{ corner, take in only one lot. ! ugd_structure - ugd_structure + us * froatage
buf_structure = bur_structure + bs * frontaga
Wif a1 the 1op of grid OR the far right of grid 3¢t foctor 1o 2 lots Aer_structlure = aer_structure + a3 * frontage
it § - EW_fots or j - HS_lots then N HanholaCost = ManholeCost + mh * frontage
factor - 2 -
sise line_feet ~ line_feat + frontage * lines
factor ~ 4 drop_terminal_coat = drop_terminal_coat + call drop_terminal cost_fn
end 1t (terminal.pas) -
pass varfables:
//if ot the 10p AND the far right of the grid (corner). se1 factor 10 | 1ot 1ines - factor * linaa per lot
if 1 « EW_lots and § = NS_lots than factor ~ one denaity - density - =
pct_ugd = pct_ugd
lines = )inas + factor * lines_per_lot pet_bur = pc(:bur
pPCct_ser = pct_aer
structure_cost - call struature_oost_fn {satructur.pas} .
- pass variablest else if § - (NS_lots - 1) then {frontage of 1 lot)
copper_lines = 1ines
flber_iinas -0 frontage - (1 / NH3_lots) * GR. MIicroGridNS * DistRoadFactor
density = deneity
hardness = Gh_hardness aicrogrid_cost -~ microgrid_cost + frontage
depth_to_bedrock - GR.DepthToBedrock * {cable_coat ¢+ structure_cost)
s0il_texture « GR.3ol1Texture =
nlnafop. = GR.MinSlope ugd_cable - ugd_cable ¢ uc * frontage
Haxnslope =~ GA.MaxsSiope bur_cable = bur_cable + bc * frontage
HaterTh - OR.MaterTh ser_cable - ser_cable ¢+ ac * frontage
fesdar_lndicator = 0 ugd_structure = ugd_structure ¢+ us * frontage
cooper_indlcator = 1 bur_structure = bug_structure + bs * frontage
l‘b.f-lnd‘cltor -0 A9f_structurs =~ aer_structure + as * frontage
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s distrib.pas

HanholeCost = ManholaCosat + mh * frontage

line_faaqr = iine_feet ¢+ frontage * tinas

drop_tarminal_cost = drop_terminal _cost ¢ call drop_terminal ooet_fn .
(terminal.pas) procedure calovlats_grid distxibution_coat

pass variables:

tines = factor * lines_per_lot passed variablas: *
density = density GR
pct_ugd ~ pet_ugd A
pet_bur =~ pet_bux nusber _of SAls
pcL_ses = pct_aer SAIX
SAlY
*SAI linas
else it {J « H3_lota) than Jjat the border, only drop terminala; no cabling) *grid_distribution_cost
cgrid line_feet
drop_terminal cost ~ drop_terminal coat + call dsop_tarminal_ocoet_fn ‘liok_tine_faet
lttearminal . pasj *qrid_drop_feet
pass varlabless ‘densicy
i1ines - factor * lines per ot ‘grid_drop cost
denslity ~ denslty ‘grid_terminal cost
pct_ugd -~ pet_ugd ‘qrid_nld_cost
pet_bur ~ pct_bur *dist_lines_served
pct_aar =~ pet_aer *1ink_cost
‘tecm_cost
//move up 2 lot llnas . *ncyé
4§ -4 462 *held
snd of 3§ loop (loop while J <~ H3_lots) *ManimumDistancs
*ugd_cable
mg_line_fsat - mg line feet + line_ faet ‘bur_cable
tine_fost ~ seco *aer_cable
vdim ~ vdim + ) ‘uQd_structure
line vectorivdim) = lines ‘bur_structure
tie_Ln_vectorivdia} = {1 / EW_lote} * L * GR.Microgridkw *aqt_structure
-7 *HanholeCost

//move over two lot l(nes
L -4 »2

end of § loop (loop whila | <= EW lots) local varisbles:

i
bl
n
[}
microgrld_cost
backbons_lines

{ Now we need to calculale drops to cuscomer locations |

drop_length = user lambde ¢ 0.5

* aqeel eqQrill / NS_lots) * GR.MicroGridNs * Distmosdiactors ) maln_back_lines
¢ sqr{ll / EM_lots) * GR.MicroGridiW * DistResdVactorx )} 1ines
¢ () -~ neex_leabda)* 0.2 ° (1 / N3_lots} ° GR . MlcroGridNg tlaq
o * DistRoad¥aotox nidn
uldy
mindist
it drop_langth > max _drop lsogth than drop_length = manx_drop leagth divider_col
divider_row
drop_cost = total_lots * drop_length * cost per drop kf lots
drop_test ~ total_lots * drop_langth atcrogrid_lines
T £W_tots
{ Finally, calculate cosc of alds for this microgrid } HS_lots
alcrogrid_line_fast
nlcrogerid_drop _[est

MG_nid_cost - nid cost * total_lots

b3



trib.pas

ares
cable_cost
structure_cost
mlcrogrid_drop_cost
microgrid_nid_cost
nlcroqud_tolnlnbl_cost
total_llnes
rous_conpl.t.d
rc
ti_lines
Fillfactor
line_vector
ine_vectorl
line_vector?
tie_in_vector
tie_in_vectorl
tle_in_vector?
vdiml
vdin2
HMaxDist
n96
n24
gauge
penalty
uc
be
ac
us
bs
a3

mh
prim_distributlon _coat
prim_ugd_cable
prim_bur_cable
prim_aer_cable
prim_ugd_structure
prln_bnr_otructuro
prim_sex_structure
prim_ManholeCost
prim_line_{est
prim_drop_feet
prim_drop_coat
prim_nid_cost
prln_\ln.l_l.rv.d
prim_tera_cost
prim_MaximumDistance
test !

pct_ugd

pct_bur

per_aer

This is s procedure within the procedure

proaadure naou-ulatc_buohboon
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distrib.pas

focal varlablas
k

pct_ugd

pcL_bur

pct_aer

vdiml - O
vdim2 = 0

ir (1 > 0) and {tiagl

i,3) = n) and {1ines(i, 3} > O}

and (i > rows _completed} then

| 1t microgrid below is populated |}

lots = round (GR.households (i, 3} * takerats)
. round(GR.busllnns(l,)) / lln.q‘por_buﬂ

microgrid_lines < lines(i, ) ]

call lot_divida(lots, NS_lota, EW_lots ) (lotdiv.pas)
call nnloulnto_-ta:oq:ld_oo.t (distrib.pad)
pass variables:

GR - GR

SALSIN TN L I8N

mlcrogrid_lines « microgrid_lines

HS_lots - N3_lots

EW_lots - £W_lots

qauge - Qaugu

*1ine_vactor
*tie_in_vector
. cvdim
» smicrogrid_cast
‘mg_line_(fest
sdrop_feet
*drop_cost

- 1ine_vectorl

- tie_in_vectorl

- vdiml

- mlcrogrid_cost

- !lctoqud_llnt_leet
- microgrid_drop_feet
- microgrid_drop_cost

‘drop_terminal_cost = microgrid_terminal_cost

“HG_nld_cost
*ugd_cabla
*bur_cable
*aar_cable
*ugd_structure
‘bur_structure
*aer_structure
*HanholeCosat

qtld_dll(rtbutlon

- microgrid_nid_cost
- ucC
= bC
- aC
- us
- bs
~ as
= mh

_cost = grid_distribution_cost ¢ microgeid_cost * penalty

oW - aced (o see if peasity b being spplied tmice

grid_drop_cost = grid_drop_cost ¢ microgrid_drop_cost

grid_terminal _cos

grid_nid_cost = g

t - grid_terminal_cost ¢ microgrid_terminal_cost

rid_nid_coat ¢ microgrid_nld_cost
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grid_line_feet = grid_line_feet + microgrid_line_ fast
grid_drop_feet = grid _drop_feet ¢ atcrogrid_drop_teet

ugd_cable ~ ugd_cable ¢+ uc *° penalty

bur_ “cable = bur _cable ¢+ bc * penalty

aer_ “cabla = aer_ “cable ¢ ac penalty

uqd structure =~ uoe structure ¢+ us * penalty
bur_structure ~ bur_structure ¢ bs * penalty
ser_ “atructure = Aar_structure + &s * penalty
ManholeCost = ManholeCost + ah * penalty

uc = gzero
bc = gero
aC = zerso
us = gero
bs = seco
A3 « zaro
sh =« gero

end If

Lf ({4 ¢+ 1) <= GR.arow} and ({tag(tsl,§) - n}
and (linesi{iel, 3] > 0) and ({L+]) > rows co-pl.tcd )} then

{ Lf mlcrogrld sbove is populated |

lots = round{GR.households{i+1,3) * takerate)
+ roundlGR.buslines(i+l,)) / lines_per_bus)

microgrid_lines = lines{i¢}, )

call lo:_dlvldotlols, NS_lots, £W_locs ) {lotdiv.pas)
call ocaloulate _miorogrid_oost (diatrib,pas)
plll varisbles;
- GR

BATRLTMINT T ~TSA
-lcrog:kd_llnca - microgrid_lines
NS_lots - NS_lota
EW_lots « EW_lots
gauge - qauqe
*1ine_vector - line_vector?
*tie_1in_vector - tie_in_vector2
cvdim - vdia?
‘microgrid_cost « microgrid_cost
*mg_line feot -~ microgrid line_faeet
‘dlop test - mlcrogrid_ drop Lest
'dtop cost - nlcroorld drop_cost
“drop_terminal_cost = sicrogrid_ terminal_cost
+ma_nla_cost - mlceogeid_nid_cost
'uqd cable - ue
'bur_cnbll = bc
*aer_cable = acC
*ugd_structure - us
*bur_structure - bs
‘aer_structure - as

distrib.pas

*HanholaCost - mh

grid_distribution_cost = grid distribution cost ¢+ microgrid_cost * penalty
grid_drop_cost ~ grid_drop_cost + microgrid_drop_cost

grid_terminal_cost = grid_terminal_cost + alcrogrid terminal_cost
grid_nid_cost = grid_nid_cost ¢+ microgrid_nld_cosat

grid_line_feet = grid_linae_feet ¢+ microgrid_line_feet

qrid_drop_feet = grld_drop_feet ¢+ microgrid_drop_feet

ugd_cable - ugd_cable ¢+ uc penalty
bur_cable = bur_cable ¢ bc * penalty
aer_cnble - Aor_cabla + ac * penalty
ugd_structure = uQd_structure + us * penalty
bur_structure = bur_structure + ba * penalty
aer_structure = aer_structure ¢ &9 ° penaity
HanholeCost = HanholeCosr + mh * panalty

uc - sero

bc =~ =mexo

AC = &erxO

us = sago

bs = sergo

a3 = Eero

mh = sero

and if

. {f valml > 0 then
tor & = 1 to vdiml
1ine_vectorik} = line_vectori|k}
tie_in_vector{kx] - tie_in_vectorl{x]
dist_lines_sarved = dl;(Nllnea served ¢
next -

1ine_vectorl{k)

it vdim2 > 0 then

for X = 1 rto vdia2
line_vector{vdiml+k] = line_vector2(x]
tie_in_vector{vdimiek} =~ tie_in_vector2[k}
dist_lines_served - diat_lines served ¢ llne_vector2{k}
next -
it (vdimlevdim2) > } then
call sort2veas(vdimlivdim2 ,tle_in_vector, line_vector) (distrib.pas)
end if
[Bring forward lines f(rom previous microgrids )

structure_cost - call struature_cost fn
pass variavles:

{atcuctur.pas)
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strib.pas

bac
0
den

ibone_lines

alty

GR.hardness
GR.DepthToBedrock
GR.Soi)Texture
GR.MinSlope
GR.MaxSlope
GR.WaterTh

0
1
0
“us
*bhs
*as
*mh

*pct_ugd
‘pct_bur
*pct_aer

cable_cost = call dist_cable_gost

{cable.pas)

pass variables:
backbone_lines

denslity
gauge
‘uc

*bc

‘ac
pct_uqgd
pct_bur
pct_ast

{vdiml + vdim2) >

qrid_distribution_coat

ugd_cable =
¢ pens

bur_cable = bur_
¢ pand

ser_cable = aer_

pans

ugd_structure -

ugd_cable

s

0 than

- grid_distcibution_cost
+ aba(tie_in_vector{l)) °*
s (cable_cost + structure_cost)

DistRoadFactor
* penalty
+ uc ¢ sba(tie_in_vector(l)) * DistRoadractor
ity

cable + bc * abs(tle_in_vector(ll} * DistRoadractorx

lty

cable ¢+ ac * abs{tie_in_vector(l]) * DistRoadragtor

1ey

ugd_structure ¢ us ° abs{tis_in_vector{l]} * DistRoadlactor

¢ penalty

bux_n(ructurl -

’ Atr_atructur‘ -

bur structure + ba * abs(tle_in_vector(l)} * DistRoadractor

penalty

sar structure + a3 * sba(tie_in_vector(ll) * DistRoadFactor

¢ penalty

3

distrib.pas

HanholeCost

else

{ No lines here,

- ManholeCost

« mh * aba{tie_in_vectorli)) * DistRoadractos

* penalty

_line_feet = grid_line_feet ¢ backbone_lines

+ aba(tie_in_vector(l]) * DistRoadFactox

30 cross alcrogrid |}

grid distribution_cost = grid_distribution _cost + 4b3 (GR.MlcroGr | dER)

ugd cable = ugd_cable ¢+ uc * abs (GR.MicroGridEW) *
bur_cable = bur_cable + bc * abs(GR.MicroGridEH) -
aer_cable - aar_cable + ac * abs {GR.HicroGeldEW) *

ugd_structure = ugd_structure + us ° ab3s {GR.MicroGridEW) °

* DistRoadFactor *
* penalty

{cable_cost + atructuré_cost)

DistRoadFactor * penalty
DistRoadFactor * penalty
pDlatRoadFactor * panalty

DiastRoadFactor
* penalty

bur_structure - bur_structure + bs * ab3 (GR.HICroGridEW) * DistRosdFactor

lO(_l((uClulC - lcr_:((ucture + a3

HanholeCost

uc =
bc =
ac =
us =
bs =
s -
mh =

qrid_

end if

rero
2ero
raro
rero
1810
t8co
tero

= HanholeCost + ah *

¢ penaliy

* aba{GR.MicroGrlidti) * DistRoadFactor

.

penalty

abs (GR.HiCcroGridEW} * DistRoadFactor

penalty

line_fest = grid_line_feet + backbone lines ° abs {GR.MicroGridEn)

* DistRosdFactor

{ Capture lines from thesa microgrids )

1t (vdaiml

¢ vdim2)

> 0 then

34



b.pas

backbona_lines = backbone lines ¢+ [ine_vector(l}

it {vdinml

for x = 2 to vdial
structure_cost = Ccsll struotura cost fa

cable_cost - call diet_ocable cost

+ vdim2) >= 2 then

+ vdim2
{atructur.pas)
psss variables:
backbone_Jines

[

density

GR_ hardness
GR.DepthToBedrock
GR.S0iiTextucrse
GR.MinStlope
GR.Hax31ope
GR.HaterTb

]

1

0

vy

“bs

‘as

*ah

*pct_ugd
‘pct_bur *
‘pce_seor

fcable,.pas)
pass variablest

backbons_lines

density

qauge

‘uc

distrib.pas
ugd_structure
bur_structure

ser_structure

ManholeCost =

-

uc =
bc -
ac -
us -
bs ~
as =

1030
z8t0
880
B0KD
zédsO0
1800
ReKo

grid_line_feet

backbone_lines
next X

. end LI [ 1tivdiml

v vidia2)

= ugd_structure + us
sba(tie_in_vectortk} - tie_in_vector{k-1}}
DistmoadYactor * penalty

=« bur_structure + Dbs
absitie_in vecror(k} - tie In_vectorik-1})
DisctRoadFactor * penslty

.

= a0r_structure ¢ 3s
abs(tie_fn_vector(x} - tile_in_vector (k-1]}
DistAoadrsator * penalty

HanholeCost + mh
abs{tie_in_vector{x} - tle_in_vector(k-1})
DistRoadfactor * penalty

~ grid_line_feet + bDackbons_ lines
* aps{tia_in_vector{x] - tie_in_vector(k-1j}
* DiatRosdFaactor

= backpone_lines ¢ line_vecror (k|

>e 2y

*bc
*ac
pct_ugd

{ Bring forvard lines to next microgrids |

Stfuctyre O3t » Call structure_coat_fn

{3t1uctusr.pas)

pet_bur
pce_aer

grid_distribution _cost = grid_dlatribution_cost «

ugd_cablae

bur_cabla

aar_csbls

-

.

abs(tie_in_vecrorix] - tie_in_vecrocik-1})
¢ DistRosadFactor
* (cable_cost + structure_cost)* panslty

ugd_cable + uc
sbaftie_in_vector{k| - tle_in_vector(k-1{}
DistRosdractoxr * panalry

bur_cable ¢ be
abs{tie_in_vector{k} - tie_in_vectorik-1}))
DistRoadractor * penalty

ser_cable + ac

absitie_in_vectori{k} - tie_ln_vectorix-1})
DistRoad¥actor * panalty

)3

pass varfables:
bacibone_tines
Q

density
GR.nardnass
GR.DepthToBedrock
GH.50{1Texture
GA . HinSlope

OR. MaxSlope
GR.HaterTb

0

H

0

‘us

"bs

“as

‘mh

‘pct_ugd
‘pet_bue
*pCL_aec
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distrib.pas

cable_cost ~ call diet_oable cost {cable.pas)

grid_distribution_cost

uQd_cable

bur_cable

asr_cable

pass variables:
backbons_lines
density

gauge

‘uc

‘be

g T

pct_uqd
pct_bur
pct_ser

~ grid_distribution_cost
+ abs (GA.MlcroGridEW - tie_Ln_vactor{vdialevdim2))
+ DlatRoadfactor * (cable_cost + structure_cost}

panalty
ugd_cable ¢ uc )

abs {GR.MicroGridEn - tie_in vcctor(vdl-lovdllzl)
DistRoadractor * ponulty

bur_cable ¢ bc ’

abs (GR.MLcroGridid - tie_in vnctorlvdlnl'vdlnzn

pistRoadractor * ponllty

sar_cable ¢+ ac
abs {GR.HlcroGridEW - tie_in_vector” {vdiml evdia2})
DlstRoadFactor * penalty

ugd_structure - ugd_structure ¢ us

Dug_structuis

+ abs{GR.HictoGridEW - tie_in_vector(vdimlevdim2])
¢ DlatRoadFactor * penalty

= bur_structure ¢ bs
« abs{GR.MicroGrldEW - tie_in_vector[vdimlevdia2])
* DistRoadFrasoter * ponulty

aer structure = sofr_ atructurs ¢ As

s sbs{CR.MicroGridEW - tie_in vcctorlvdlnltvdln)“
¢ DiatRoadFactor * pnnulty

Jﬂanholocanz = ManholeCost ¢ mh

uc
be
ac
us
bs
as

[ I T T I A )

zexo
sero
s8Kx0
280
sexc
2050
2810

abs (GR.MlcroGridEn - tie_in voctor(vdl-l'vdll)“
* pistRoadFactor * pnnAlty

»

gcid_line_feet ~ grid_ line_feet ¢+ bacikbone lines

vdiml « 0
vdial - 0

» aba(GR.KlcroGridEW - tie_ in _vector” (vdimlevdim2])
* DistRoadractor

end If (Lf (vdimlevdim2) > 0)

end procedure calculate_grid_dlatributlon_cost

imaln procedure )

agcountesx
microgrid_cost
backbone_lines
main_back_lines
midu

nidy

nindist

lots
slcrogrid_ltinea
EW_lots

NS_lots
aicrogrid_line_feet
microgrid_drop_feet
Ar8)

cable_cost
structure_cost
microgrid_drop_cost
microgrid_nid_cost

microgsid_terminal_cost

total_lines

grid_distribution_cost

grid_line_feet
link_line_fest
qrid_drop_(feet
density
grid_drop_coat
grid_terminal_cost
grid_nid_cost
dist_lines_sarved

dlvider_col
dlvider_row
rows_complated
rc

nché

nc2d

ue
bc
ac
us
bs

2850
x0f£0
2850 J
zero M
280
24z0
ero
s8x0
1850
Aexo
aerxo
Barxo
Rero
2erxo
1850
a8K0
serxo
saro
a8xo
x8xo
56x0
2850
2850
1050
fero
2810
saxo
sero

(-~ -~ -

s8rx0
serL0
2850
z880
28K0

b |



strib.pas distrib.pas
as - zerxo for 3§ = 1 to GR.ncol
sh - sex0 //t3ag 18 used to indicate which SAl
ugd_cable « sero flag{i,3) -1}
bur_cable ~« s8xo midx = GR.LowerLaftX + (J - 0.5) * GR.MicroGridEW
aer_cable ~ sero midy = GR.LowerLeftY + {1 -~ 0.95) * GA.MicroGridNS
ugd_structure - sero alndiat - abs(aldx - SAIX([1]) ¢+ abs(midy - SAIY{1l})
bur_structure - sexo '
aAer_structure -~ sefo tor n = 2 to number_oul_SAls
HanholeCost = zero it {abs(midx -~ SAIX|n]) +« abs{midy - SAIY(n))) < mindist then
link_line_feat - gero mindist = sbs(mide - SAIX(n]} ¢ abs(midy - SA1Y[n})
tisgii,3) - n
tor { = 1 to 50 end it
line_vector{i]| = zerso next n
tine_vactori(l} = sero next 3§
iine_vector2|i) - sero next 4
tle_in_vector{i]| = zero
tie_in_vectori(i} = sasxo for n = 1 to number_of_3Als
tie_in_vectorl{l} =~ saro
next SAI_lines{n] = xero '
ManDlscin] = xero .
tor { = 1 to 50
for § = 1 to 30 for { =~ 1 to GR.nrow
lines(l,3j} -~ sero for § = 1 to GR.ncol
t1ag(1.3) ~ 0
next “ tf (flagii, 3} = n ) and {linea(l,3) > 0) then
next SAI_lines(n} = SAI_lines(n} ¢+ lines(l,))
//why don't these calculations vse the same formal a3 apove?
Af82 = 2610 maidx -~ GR.LowarLaeftX ¢+ 3 * GR.MIcroGridEW - half * GR.MiccoGridEW
total lines = sexo midy = GR. LowerlaftY ¢+ | * GR.MicroGridNS - half * GR.MlcroGridNs
denslty =~ sero /7/should use global max{) function
ff (abs(midx - SAIX[n)) ¢ abs(aldy - SAIY[n)}}
//cumulate lines and area for the grid * DistRoadFactor > MaxDist“{n} then
tor | = 1 to GRA.nrow - HaxDistin} = (sb3{midx - SAIX(n}) + aba(midy - SAIY{n}})
for § = 1 to GR.ncol - * platRoadFagtor
1inee(l,3]) = GR.households[i,3] * takesate * lines_per house end i
+ OR.buslines(i,3)
//1ooks llke this ls an attempt to remove D51 lines and It
- (13 / 12) 4 (1 - SpolAccessRatio)* pot_desl * CR.buslines[t, 3!} next }
- (11 / 12} * pot_lsa * SpalAccessfatio * CR*.buslines(i,}) next |
nent n
W - CRobuslines was madified In the optimize_SAI_arrangement precedure
W - Not mecensary 1o lsop throught entire grid structure twice to ind min, masx distsnces
it licesfl,3} > O then
ared - Area ¢ GR MICroOSidXW * GR.MicxoGrAdNS / (5.20 * 5.28) HanimumDistance = HanDist{}})

totsl lines ~ total_iines + lines(i,}) for n « 1 to number_of_SAls

naxt
nent 1 b If MaxDistin}] > HaximumDisctance then HaximuaDistance = HanDist(n)
if area > 0 then nent n
density = total_lines / ares
else { Now flag polnts to the nearest SAI for each microgrid cell. 1
density = tero | Ne are now ready to calculste backbones. i
and 4¢
grid_drop_cost = sero

9rid_terminal_cost - szexo

{rirst, we nsed to determine which microgrids are sttached to which SAI }
grid_nid_cost - sero

for i = 1 to GR.nrow

)3



istrib.pas distrib.pas

it GR.ncol > divider_col then
for § = GR.ncol downto divider_col + | /from esstern border to SAI columnj
socumulate backbons (discrib.pas)
nent
end {f

grid_distribution_cost ~ seso
gcid_line_taet ~ sexo
grid_drop_feet = serxo
dist_lines_served = sero

for n = 1 to number_of_ 3SAls
.

{ First, calculate the gauge needed. )
It MaxDist(n) > copper_gsuge xover then
Qauge ~ g24
else
Qauge ~ g26
end i

{ Now w8 handle any sitvations where customers are too far from an SAIl )

Lf MaxDist(n) > max_copper_distance then
penalty = HaxCopperPenalty

alse
penalty ~ one
end I
{ We now need to divide the SA into quadrants with the 5AI )
{ serving as the "origin.” . }

'Y

divider_col = round{sb3(5A1X{n] - GR.LowerLeftX} / GR.MicroGridEW)
divider_row ~ round{abs{SAIY{n] - GR.LowerLeftY) / GR.MlcroGridNSs)}

! Below, we calculate for the regtion south of tha SAI )

i =1

maln_back_lines =~ sero
vdiml = 0

vdim? - 0
rous_completed = 0

rc -0

loop while | <= dividar_row

rc =4 ¢
backbone_lines - sexo
vdisl = 0
vdim2 « 0

.1t divider_col > 0 then
for § = 1 to divider_col
call acoumulate backboans
next
end it

{from western border to SA!l columnj}
{distsib.pas)

main_back_lines - main_back_lines + backbone_lines
bacliono_llnCl - 1870

vdiml = 0

vdim2 - 0

maln _back_lines - wmain _back_lines ¢+ backbone_lines

1f { = divider_row - | then [only ona mlcrogrid depth}
structure_cost = call struaturs_oost_fn
pass variables:
maln_back_lines
0

fatructur.pas)

danslty
GR.hardnesa
GR.pepthToBledrock .
GR.SollTexture
GR.HinSlopse K
GR.Max3Slope
GR.WaterTh
0
1
0
‘us
*‘ba
‘as
*mh
‘pet_ugqd
‘pct_bur
‘pet_aer
cable_coat - call dist_oable_ocost {cable.pys)
. pass variables:
maln back_linaes
densTey
QAuQe
“uc
*be
cac
pet_ugd
pct_bur
pce_aer

grid_distribution_cost = grid_distribution_coat ¢« GR.MICroGrldus

* DistRoadraotor
* f{cable_cost « structure_coat) * penalry

“W . loaks llhe cabie distance penaliy Is alse applled 1o structure conts, also why Lin't pennlty spplied (o cable over crlilcal
distance

grid line_feat = grid_line_feet ¢+ main back_linaes
* GR.MicroGridHS * DistRoadFactor

ugd_cable = ugd_cable ¢+ uc * GA.MICToGridNS * DistRoadractoer
* penalty

a )]



listrib.pns

distrib.pas

bur_cable « bur_cable ¢+ bc * GA . HicroGriang * DletReadlseter
‘ penalty

aor_cable ~ ser_csble ¢+ ac * GA.MicroOsri@ny * Dlathesdisctor
¢ panalty

ugd_structure = ugd_structure * wes * GA . MigroCriaws
* DistRoadPastss * pansity

bur_structure = Dur_stzucture ¢ bs * OA.MicroGelidws
¢ DistRoadFacter * penaily

ser_structure =~ aer_structure ¢ ss * GR.MicroGridwNg

¢ DistRoadractor * penalty
ManholeCost - HanholeCost ¢+ mh * GR.MicroGridNS * DistRoadFactor
* penalty

else it | <> divider_row then {two microgrid depthj

structure_cost = call struoturs ocst_fn ) {3tructur.pas)
pass varisbles

main_back_lines

9rid_line_feet = grid_line_feet ¢+ 2 * maln_back_lines
* GR.MlcroGridNS * DistRoadractor

ugd_cable = ugd_cable + uc * 2 * GR.MicroGriulsS * DistRoadFactor
penalty

Yur_cable = bur_cable + bc * 2 * GR.MicroGridNS DistRoadractor
penalty

aer_cable =~ aer_cable + ac * 2 * GKR.MicroGridNS DlstRoadFactor
penalty

ugd_structure ~ ugd _structure ¢ us * 2 * GR.MicroGridns
¢ DistRoadractor * penalty

bug_structure = bur_structure ¢ bs * 2 * GR.MicroGridns,
DistRoadractor * penalty

Aer atrucCture - Aer_structure s as * 2 ¢ GR MicroGridHs
¢ DistRoadFactor * penalty

ManholeCost - HanholeCost ¢+ mh * 2 * GR.MicroGridNS
* DistRoadractor * penalty

0

density end {f

GR.hardness “

GR.DepthTobBedrock -1 2 { fun backbone down every other row |
GR.Soi1Texture

GR.MInS)lope end loop {(louvp while { <- divider_row)

GR.Haxslope

GR.HaterTh

0 rows_completed = rc

1 .

[ { Yow we need to calculate for the ragion north of the SAl )
‘us N

*bs | = GR.nrow - 1

‘a8 aain_back_lines - saso

*mh vdial - 0

*pct_ugd vdin2 - 0

“pct_bur

‘pce_ser loop while (i >~ rows_complated)

cable_cost = call dist_ocabla_ocost (cable.pas)

pass variables:
main_back_linaes
density

gauge

- *uc

*be
‘ac
pct_ugd
pct_bur
pct_aer

9rid_distribution_cost =~ grid _distribution_cost

¢ GR.MlcroGridNg * DistRosdF¥actox * 2
* (ceble_cost + atructure_cost) ° penalty

43

backbone_lines ~ rero
vdiml = 0
vdim2 = 0

it divider_col > 0 then
for j = 1 to divider col
call aagumulate_backbone
naxt
end ¢

{ from wastern border to SAI column |
{Uiscrib.pas)

main_back_lines - maln _back_lines ¢+ backbone_linas
backbone_lines = sero -
vdial = 0

vdim2 - 0

4




‘ib.pas distrib.pas
if GR.ncol > divider_col then ser_cable - ser_cable ¢+ ac * GR.MICroGridN3 * DisthoadFaator
tor § ~ GR.ncol downto divider_col + | [from esstern border 1o SAI colvan) ¢ penatcty
ugd_structure ~ ugd_structure + us * GR.MICroGridisS * DistRosdFaator
call aocumulate_backbons (distrib.pas) * penalty
next
end 1t bur_structurs = bur_structure + bs * GR.MicroGridNS * DlstRosadfactor
. ¢+ penalty

maln_back_lines ~ main_back_lines ¢+ backbone_lines
ser_structurs = aer_structure + a3 * GR.MicroGridh3 * DistRoadFagtor

1t (1 = divider_row + 1) thea {only one microgrid depth | * penalty
atructure_cost = call struature_oost_fn {structur.pass)
pass varisblas: HanholeCost = ManholeCost + mh * GRMicroGridN3 * DilstRoadrFactor
main_back_lines * penalty
0
denslity
GR.hardness elae Af | <> divider_row then {two microgrid depth/
GR.DepthToBadrock
GA.30i1Texture structure_cost = call structure _ocost_tn tstsuctur.pas)
GR.HinSlopse pass varfables: 4
GR.HaxS8lope sain_back_lines
GA.Hatarth 0
[/] density
1 GR.hatdnass
1] GR.DepthToBedrock
‘us A GR.Soi1Texture
‘bs GR.MinSlope
‘as GR.HanSlope
‘mah GA.HaterTh
‘pct_ugd [1}
‘pct_bur 1
‘pect_aer 0
K *ua
cable_cost = call dlet_oable_cost {cable.pas) s ‘bs
‘as

pass varlabless

main_back_lines *mh
densicy ‘pct_ugd
Qaugs *pct_bur
‘uc ‘pct_aer
*be
‘ac cable_cost - call dist_osble coet icable.pas)
pet_ugd pass varisblous;
pct_buc main_back_linas
pcL_sar dens ity
- Qauge
grid distribution_cost = 9rid_distribution_cost + GR.MicroOrldNs suc
- < DistRoadrsctor “be
* (cable_cost + structura_cost) ° penalty ‘ac
pct_ugd
grid_line_teat = qrid _line_fest + main bach_lines pet_bur
-7 ¢ GA.MTcroGTidNS * PlstRoadraster pct_aac
ugd_cable = ugd_cable ¢ uc * GR_MicroGridNS * DiatRoadractos grid_distribution_cost = grid_distributlon_coat + GR.MicroGrldNns
* penalty ¢ 2 * Disthoadractor

® (cable_cost + structure_cost) * penalty
bur cable = bur_cable + bC * GR.MICroGridNS ° DistRosadFagtor

* penalty grid_lina_feat - grid_ilne_feet ¢ 2 * main _back_lines * GR.MicroGriaNs

¢ DistRoadFactor
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strib.pas distrib.pas
‘prim_nid _cost
ugd_cable ~ ugd_cable ¢ uc * 2 * GR.MicroGridNS * DiatRoadFactor ‘prim_lines_served
* penalty ‘prim_term_cost
*‘prim MaximumDistance
bur_cable = bur_cable ¢ bc * 2 * GR.MicroGridN3 * DistRoadractor ‘prim_uqgd_cable
¢ penalty *prim_bur_cablg
‘prim_aer_cable
a6r_cable - aer_cable ¢ ac ¢ 2 * GR.MICroGridN3 * DistRoadractor ‘prim_ugd_structure
* penalty ‘prim_bur_structure
‘prim_aer_structure
ugd_structure = ugd_structure + us * 2 * GR,MICIOGriUNS * pletRoadFactor ‘prim_ManholeCost
* psnalty

bur_structure = bur_structure ¢ bs * 2 * GR.MlcroGridNS * DistRoadFactor
penalty

Lt (ac_ugd cop * prim_uqd _cable + ac_bur_cop * prim_bur_cable

aer_structure =~ aer_structurs ¢ as * 2 * GR.HIcroGridHs * DiastRoadFactor t ac_aer_cop ° prim_ser cable + ac_ugd struc * prim_ugd_structura

* penalty + sc_bur _strug * prim_bur_structurs ¢ ag aer stxuc * prim_ser_scructuge
\ + ag_Msahols * prim_ManholeCosat) o,
HanholeCost = ManholeCost + mh * 2 * GR.MicroGridNS * DibtRoadraotor
* peanalty <
end It
{ac_ugd cop * ugd_cable ¢+ ag bur_cop * bur_cable -
{t -1 -2 { run backbone down avery other row | ¢ Ac_aer_cop * asr_cable + a0 ugd strug * ugd_atructure

¢ aa_bur_struc * DUC_3TTuCturs + aa_aes_struc * ssr_structurey

end loop (loop while (i >« rows_complated}) ¢ ac_Manhole * HanholeCost)
then

grid_distribution_cost = prim dlatribution_coat

ugd_cable ~ prim_ugd_cable

bur_cable ~ prim_bur_cable

a0¢_cabla ~ prim_aer_cable
~ uQd_structure -~ prim_ugd_structure

it UsePrimDist or (density < 190 PiimCutloffDensity) than bur_structure ~ prim_bur_structure
prim_distribution_cost - sxefo ser_structure - prim_ler_structure
prim_ugd_cable = sero ManholeCost =~ prim_ManholeCost
prin_bur_csble = sero grid_line_teet =~ prim_llne_feat
ptln-;nr_cnblc - sero grid_dsop_feet - prim drop_fest
prln:uqd_.tructuro - mero grid_drop_cost =~ prim_drop_cost
prim_bur_structure = sero grid_nid_cost - prim_nid_cost
prim_ser_structure = sero grid _1ines _served = prim_lines_served
prim HanholeCost = sere 9rid_terminal _cost ~ prim_tarm_cost
HaximumDistance =~ prim_MaximumDistance

next n

grid_lina_feet = (grid_iine_feet / dist_}ines_served) * total lines

call osloulate_prim distribution oost iprimdist.pas} and f
pasas variablaest
GR 7 ena it
number_of_ 3Als
SAIX {Now we nesd to handle the connaction between the primary and seconUsry SAls.)
SALY iNe minimize structure cost in connecting the 5AIs using the algorithm suggested)
density {by Prim, Bell System Technical Journasl, 1957. )
Fillfactor
lines call get_link_oost (primsal pas)
flag psss variables:
*prim_distribution_cost nusber_of_3AIS
*prim_line_faet ELY
prim_drop_feet SA1 lines
saix

*prim_drop_cost

a m




distrib.pas

strib.pas
saly nc9é
dansity nclt
*l1ink_cost HaximumDistance
‘term_cost uc
‘link_line_feet be
‘nché ac
*nc24 us s
‘uc bs
‘bc as
“ac ah
‘us SAI_lines
*bs 1ink_line_fest
‘as
‘mh
SA.3witchX = GR.SwitchX

SA.SwitchY « GR.Switchy

SA.Reslines = GR.gHouseholds ° takerats * lines perx_houss

ugd_cable = ugd cable + uc SA.BusLines = GR.gBusinesslines

bur_cable = bur_cable ¢ bc SA.1lnes = SA.MesLines ¢+ SA.BusLines i
ser_cable = aer_cable ¢ ac SA.DepthToBedrock = GR.DepthToBsdrock
uqd—nuuctuu = ugd_structure + SA.Hardness = GR.Hardnass
bur_structure = bur_structure + bs SA.SoliTexture ~ GR.SollTexturs

- + SA. HaterTb ~ GR.Waterth
L4

grid_distribution_cost = grid_distribution_cost ¢ link_cost ¢ tearm_cost

us

ser_structure ~ Aer_structure as
nh SA.MinSlope =~ GR.MinSlope

ManholeCost = ManholeCost
SA.MaxSlope = GR.MaxSlops
SA.quadrant = GR.quadranc

Ry

V - doesn't sppear that distsnce for Naklag cables are carrled forward
| Calculate special access and switched DS1 lines )

SA.SpclAccesalines - SpalAccessRatio * GR.gBuslnesslines

‘ocedure optimize SAI_arrangesent
SA.SpclAccessD3l = SA.3pclAccesslines * pot_lsa
passed variables: SA.SpclAccessLines ~ SA.3pClAccessLines - SA.SpclAccessDsi
SwitchX SA.SwitchedDS) = {(GR.g9Businessiines - SA.SpclAccessLines) * pot_dsl
switchY GR.gBusinesslines ~ GR.gBusinessLines - round{SA.SwitchedDsi « SA.SpclAccessDsl)
GR SA.Households = GR.gHouseholds
¢ SA
s grid lines_sesved
{ Need two copper lines for each D51, which carrles 24 channels )

+\W . mot sure what this sccomplishes, salts ar¢ inaa*Lchaane!
SA.SpclAccesaDSl - SA.SpciAccessDSl * 2724
Local varfables: SA.SwitchedD31 = 3A.SwitchedDS) -+ 2/24

3

SA.number_of_ SAls -1
number_of_SAls SA.Grid_Dlatribution_Cost =~ xero
X - T SA.ManDistance - zero
Y SA.n2016 -0
distribytion_gauge - SA.né€72 -0
grid_distribution_cost SA.n% -0
grid_line_feet SA.n2¢ -0
grid_drop_teet ::nc;: -0
densit .ne -0
drop, czu SA.anché -0
drop_terminal_cost SA.snc24 -0
nid_cost - SA.fiber_terminal_cost - sero
mincost SA.t1_tatminal_cost - sero
link_cost SA.sscondary _tterm_cost -~ zero
term_cost SA.interface_cost - sarxo
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distrib.pas

istrib.pas
SA.drop_cost ~ 5850 nit) = GR.cxé i}
SA.nld_cost = zero yit)l = GR.cy¢{i]
SA.drop_terainal cost - sese next
SA.qgrid_Ltine_feat ~ sero
SA.grid_drop_feet - serxo end case
SA.density - ser0
SA.DepthToBedrock - sero for L = nulber_of_SAls + 1 to ¢
SA.Haterth - xaro x(l) = GR.cxd{l])
SA.MinSliope - zerKo yll) = Gr.cyd{l)
SA.ManSlopa ~ zero nent
SA.DistToSwitch - zaro
SA.ugd_cable - sero grid_discribution_cost = zero
SA.bur_cable = gero0
SA.aer_cable ~ ZOro call oalculste_grid distribution_ocost {distrib.pas}
SA.ugd_structure = ze8ro pass varisbles;
SA.bur_structure -~ z8r0 GR
SA.aer_structure = g8X0 A .
SA.ManholeCost ~ sero numbar_of_ SAls
shDaae ity LIV IT il - GRIDeds 1LY x !
Y
*SAl_lines
for 1 = 1 to ¢ *grid_dlastribution_coat
SA.SAI_lines(i} ~ zero *grid_line_feot
next *link_lline_test
o *qrid_drop_feeot
mincost = 1.0a¢lé *densailty
*drop_cost
for number_of_SAIs = 1 to max SAIs do *drop_terminal_cost
grid lines_served ~ zero ‘nid _cost
*grid 1ines_secved
SA.TypeOISAL[1] - primary *link_cost
R “term_cost
it number_of_3Als > 1 thaen © . ‘nc96
- ~ *nc24
for | = 2 to number_of SAls *Maximuapistance
SA.TypeOISAI {1} - sscondary ruc
next *bc
“ac
case number_of _SAls tus
casa 1 “bs
x{1) =~ GR.cxl{l} "as
yl}} = GR.cyl{l) *ah
case 2
tor L -~ 1 to 2 it (ac_ugd cop * uc + ac_bur_cop * bc ¢+ sc_ses_cop * acC
x{l] = GR.cx2{1) « ag_upd struc * us + ag_bur_struc * b3 ¢ sa_Aer atruc * as
yli} =~ GR.cy2lt) ¢ ag manhole * mh + ac_tl term ° tarm _cost) < mincost then
next
mincost = sCc ugd cop * uC ¢+ a0 bur cop * bC v ac_aer_cop * acC
case 3 + a0 _ugd struc * u3 ¢+ ag bur struo * b3 ¢ AC:‘OK‘ struc * a3
tor L ~ 1 to 1} + ag_manhols * mh + ag_tl_term * term_cost -
x(i) = GR.cx3(1] -
yii) = GR.cyd(i} SA . number_of_SAls - numbar of SAls
nexc SA.X - X -
SA.Y - Y
case 4 SA.grid_distribution_cost =- grid _distribution_cost - term_cost
SA.3econdary_tterm_cost -~ term_cost - -

tor 1 = 1 to ¢
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Sh.snc9b
SA.snc24
SA.grid_line_fest
SA.iink_tine_faet
SA.grid_drop_fest
SA.density
SA.drop_cost
SA.drop_tecrminsi cost
SA.nid_cost
SA.HaxDistance
SA.ugd_cable
SA.bur_cable
Sh.aar _cable
SA.ugd_structure
SA.bur_structure
SA.ser_structure
SA.ManholeCost
SA.1lnes_secrved

(or £ = 1 to 4

nc9é

nc2t

grid_tine fest
Mnk_tine_fest
grid_drop_feet
density

drop_cost
drop_terminal cost
aid _cost
NeximumBiscance
ue

be

ac

us

bs

as

sh

grid lines saxved

LI A N A A B N N I O I N U T T R

SA.SAI lineal{l] = 3AI linesil)

nexg

end L
end it

next nuaber_of SAfs

IS

Qﬁi:m%gﬁ e
feeder.pas
fesder.pas

the only procedurs usad cutslde ol this module {2 optimize feedar acrcangemant

funotion L1 _distance ,
vartables pazsed in:
x}
x2
y1
y2

Li_distsnce = sbaixl ~ x2) + abaiyl - y2Z)

funoticn LI distance
varisbles passed tn:
X}
x2
yi
y2

1ocal constants:
KFPordtatnl - 5.28
StatMiPernin - . 1535
MinPerDegres ~ €0

local varlables:
deg¥i

dagy¥

dagkl

degX2?

cosa

slpha

yl! /7 (KFPevyStatKi * StetMiPerHin * MinPerDugree) + CR.Ocligtay
y2 / IXFPerSuatHl ¢ StatMiPerMin * MinPerDegrea) ¢« CR.OrigiaY
x} / (KFPerStatMt ¢ StacHiPerHin * MinPerDegree

cos (CR.relarsnce_laticude * pl / 180)) ¢+ CR.Originx

degrl
degY2
degXxl

degX2 = %2 / [NFPesrStatMi °* StatHiParMin * MiaPerDegras
4 cos(CR.xeforencs latitude * pi / 180}) ¢+ (R.Ociginx

{ Hers i» the formula to calculate the great ciscle arc, tAken from )
| Love, Morris, sng Wesolowsky: )

cosa =~ cosideg¥l * pl / 180} * cos{ceqy¥2 * pl/180)

cosa =~ coss * cos{idegXi -~ degxlj * ot / 160}

cosa = cosa ¢+ ainidegyl * pl / 180} *sin{degY2 * pl / 180}



ceder.pas feeder.pas

1f (abs(cosa) > 1.0e-6) then us
alpha - ArcTan{sqri(l - coza * coss) / coss) * 100 / pi bs
olse as
alpha ~ 90.0 ah
end Lf sc_structure
pct_ugd
L2_distance - aba{alpha * HinPerDegree * StatMiferMin * KFPerstathi) pct_bur !
pct_aar
rlon
ylag

rocedure optimise_feeder arrangement

variables passed in: this is a procedure within the procedure

SwitchX
SwitchY procedurs oaloulata_feeder_structure_oodsts
donsity passed variables:
mum_ SAs SwitchX
“SA_array SultchY
er_cost density !
splice_cost *sLructure_cost :
‘ugd_cable “filiFactor
"bur_cable *uQd_structure
*aer_cable *bur_structuse
‘ugd_fiber "aer_structure
‘bur_fiber [A *ManholeCoat
caar_fibar *pce_ugd
‘ugd_structure ‘pct_bur
‘pct_aer

‘bur_structure
caer_structure

*ManholaCost
local varlables:
i

tocal variables: . totlinas

1 T tib_ltines

] cop_lines

3 technology

n n2016

dmt x né12

x . n9b

y n2¢

_lrom us

to bs

cut_ord a

DistToNode mh

pistToSwitch pu

fudcr__qhtlncc pb

tcost pPa

cable_cost

structure_cost

FillFactor { This procedure calculates an average structure cost for the (eeder based

primfile on average line density for the feeder network (glven).}

uc

bec

ac

uf totlines - zaxo

bt

af
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eder.pas feeder.pos

dansity

for | = 1 to num BAs Flllfactor

totlines = totlines + SA_array(i].lines *tachnology
next {

*n2016
*n672
‘n¥é
‘n2d .
pct_ugd
pct_bur
pct_der

FlllFactor - Fill_Factor_fn({density,1) {globat.pas) next |

tor | = 1 to MmDensZones
if (density >= CopFeedPlantMix|[i).demsity) then
pct_ugd =~ CopFesdriantiNix(i).OgdPat

{ Now calculate line-welighted average structuse cost and pct bur, aer. ugd. |

pct_bur ~ CopFesdrlantMis({i).BusPot structure_cost ~ zeso

pct_ser = CopfesdPlantMin[i].AexPot ugd_structure = zexo

end if bur_structurs = sexo {

next { aer_structure =~ sérxo ‘
ManholeCost = serxo
pct_ugd - zero
If (pct_ugd ¢+ pct_bur ¢ pct_aer) < ome then pct_bur - ze8ro
pct_aer - sér0

{provisionally, assign half of “free® percentage to serial, half to burled |
for { = 1 to num_SAs

ir sA_lrulel.luder_ucm\oloqy = tibac thaen
{ib_linas ={SA_array{i).n2016 « SA_array(i).n672 ¢+ SA_arcay{l).n96
¢ SA_array(l).n24) * 4

pct_aer = pct_sar ¢+ half * (ome - pct_ugd - pct_bur - pct_aer)
pct_bur = pct_bur ¢+ half * (ome - pct_ugd - pct_bur - pct_ser)

and if
¥ - this Is incensistent with the way distributlon does this same thing, dlat’n ausigas ¢xtra (e portlen with largast cost structure_Cost = structure_cost ¢ SA_acrray{i}.lines
. * call structure_oost_fn (structur.pas}
{ Now spproximats feeder technology based on distance to switch | . pass variables:
0
for | = 1 to num SAs fib_lines
density

//not sure what DistanceType 13
it Distancefype =~ i then SA_arsayli].nardness
feader_distance = call L1_distsnos ° FesderRoadVactor {feeder.pas) SA_arrayli}.pepthToBedrock
pass varisbles: SA_array{i]).SollTexture

X1 = SA_array{l).nit} SA_srray(l}.HinSlope

X2 = SuwitchX SA_arrayii] .HaxSlope
Yl = SA_arrayf(l).y{}) SA_arsay(i}.WatarTh
¥2 = Switchy 1
else o
fesder_distance - call L2_dietance * FesderRoadractor (feeder.pas) 1
, pass varisbles: ‘us
: Xt = SA_sxray(i).=(1] ‘b
X2 = Switchx “as
Y1 = SA arcayli}).yll) *ah
¥2 « Swultchy ‘pu
end it ‘pb
‘pa
call oslaulats_feadar_ technology {tech.pas)
pass variables: ugd_structure - ugd_structure ¢+ SA array(l).lines * us
fesder_dlstance bur_structure - bur_structure + SA_srrayli).llnes ¢ ba

i
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cder.pas

ser structure = asr_structure ¢ SA_arrayl[lj.lines * »s
ManholeCost = ManholeCost + SA nrrhylll iines * mh
pct_ugd = pct_ugd ¢ sA_urrAylll lines * pu

pct_bur = pct_bur ¢+ 3A_array(i).lines ¢ pb

pct_ser = pct_aer ¢ SA_array{i].lines ¢ pa

else if SA_array[i).fesder_technology = t_l then

cop_lines = SA_array(i).lines / 12
structure_cost =~ structure_cost ¢ 3A_array{i}.lines
* call etruatuxe_oost_fn
pass variables:
cop_lines
0
density
SA_arcrayll].hardness
SA_array{l].DepthToBedrock
SA_arrayli).BoilTexture
SA_array(i}.Min3lope
SA_arrayil}.Max3lope
SA_array(l) . WakerTh
1
1
0
‘us
‘ba
‘as
‘nh
“pu
-pb
“ps

o

ugd_structure - ugd_structure ¢ SA_array(l).lines * us
bur_structure = bur_structure ¢ SA arrlylll 1ines * bs
aer_ “atructure = aer ‘ttucturo + SA Arrtylll lines * as
ManholeCost = ManholeCost + SA Array(ll 1ines * =mh
pet_ugd = pct_ugd + SA urraylxl iines * pu

pct_bur = pct_bur ¢+ 3A _array{i}.lines * pb

pct_ser - pct_aer ¢ 3A _array{l].llnes * pa

alse

structure_cost ~ structure cost ¢+ SA_arcay{i).lines

* call ctruotut- ocost fn
pass variablest
SA_array(i).1lines
0
denaity
SA_srxay(i].hardness
SA_array(i].DepthToBadrock
SA_srray[i}.SoflTexture
SA_acray{f).Hln3lope
SA_srray(1) .MaxSlope
SA_arrayll).MaterTh
1
1
0
‘us
‘bs

{atructur.pas)

(structur.pas)

fecder.pas

“as
“mh
*pu
*pb
‘pa

ugd_structure ~ ugd_structure ¢ SA_array([l).lines * us
bur_structure = bur_structure ¢ SA_array(l].lines * bs
aef_structure =~ aer_structure ¢ SA array[l]).lines * as

HanholeCost = HanholeCost ¢+ SA_array(i).lines * mh
pct_ugd = pct_ugd ¢ SA_array(i).tlnes * pu
pct_bur =~ pct_bur ¢ SA_arrayli).lines * pb
pct_aer = pct_aer + SA_arcay(i).lines - pa

end {f

next {

structure_cost = structure_cost / totlines
ugd_structure - ugd_structura / totlines
bur_structure = bur_structure / totlines
ser_structure - aer_structure / totlines
ManholeCost = HanholeCost / totlines
pct_ugd ~ pct_ugd / totlines

pct_bur = pct_bur / totlines

pct_aer = pct_ser / totlines

progedure reverse_oonivert
passad varisblast

xkt
yke
reflon
‘raflat
%xion
‘ylac

16cal constants:
garthRadius_metecs =:636712)
KrPertstex. - 0.00320003909501312

local variablea:

NsCirc
mMCira

HSCifrc -'2'* pl * EarthRadius_metard)* KFPérMetor
1

EHCiro!= H3CIre * cos{reflat *7pl” /. 160)

ylat = ykt{*'360° / NSCirc' =/ réflat
xlon, = xkf!* 360 /. ENClrc '~ zaflon

start of procedurs calculate_feeder_structure_costs



-der.pas

| First, calculate structure costs (o be used Un tree calcutation. |
call ocaloulate_feeder_structure_ocosts {{eedar.pas)
pass varlables:

SwitchX

Switchy

density

*structure_cost

*FillFactor

‘us

*bs

‘a3

*‘mh

*pct_ugd

spct_bur

*pct_aer

‘c_structuro = ac_upd strug * us ¢+ ag bur struo ¢ bs + aq_ser strug * 43
+ ac_manhole * mh i)

{ Now we need to set up the distance matrix to be used by PrimTres. )
n = oum Sas + 1 .

x{1}) = SwitchX

yil] = Switchy

for i = 2 ton
xil) = SA_Arrayll-ll.llll
y(i] = SA_array{l-1).yl1}
neant

for § =~ n+l to n ¢+ num SAs
x{i} =~ SA_array(i-1-num 8As] .x[1}
yi(1] = switchy

naxt

for L = n + oum Sas ¢+ ) to n + aum Fas ¢+ num SAs
x{l) = SwitchX
ylil - aA_lrroy[l-l—Z'nuq_lAnl.yll]

nexnt

Aa=n ¢ 2 * pum SA»
for { = 1 ton

tor § =1 to |
if DistanceType =~ 1 than
dmtx{ij{j) = call L1 dlietance ° FeooderRoadraatox

pass varlsbles;
X1 = x{i]
X2 = xi3)
Yt « yi1)
Y2 - yijl

e
detx([i}13] = call L2 _distance * FaedsrRoadfaatox

{feader.pas)}

els
(feeder . pas)

81

feeder.pas

pass variablas:

X1 « x{i}
X2 - x(3}
Yl - yli})
Y2 - y(j)
datx|{){i) = dmtx|i}){]3])
end 1if
next 3

next 1

call pris_tras

pass variables:

n

datx

denatty

Fillfactor

ac_structure

¢+ _ftrom

¢_to

*DistToNode

*DistToswitch

pct_ugd

pct_bur

pct_aer

open the file primfile with filaname - ‘prim.asc’
write to primfile: ' (rom _to Dtonod DToSw

for 1 =1 ton

tall reverse_oonvert . VA T
p;?*plnulnqavn:lnble.x
¥ ‘n{i}
RIS 45 N
Jisy CRLOE{Ginx
11ECR réference latitude
‘Finloa

ayldg

write to primfile: _froafl), * *, _tof{i}, ' °*
plstToswitch{il, ' *, xlon,

(primfeed.pas)

v " (feedar.pas)

DistToNode (i), ' ',

ylat

Eal("kéva£sd odavert s, ~ VUAR Tr ot MEAINL T AT [ (feedex. pas)

‘bassing variables;s
xt¥to(i])

yittofi)y

CR.Origink
CRikbterendgfidritude
xlon

. yARK

nant

{ Detesmine cuts by pruning branches |

soepl
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ceder.pas

call prune {primfecd.pas)
pass variables:

ne-n

_to = _to

“cut_ord = cut_ord

{Inttlalize disaggregated structure cost to per-kf values. Cumulate function will)
{return total disaggregated stsucture coats. |}

ugd_structure = us
bur_structure = bs
aer_structure = 83
ManholeCost = mh

i Accumulate llnes at each node, and sum total feeder cost |

call gumulate_lines (prinfesd.pas)

pase varlables:
n

_to

DistToNode .
DlatToSwitch
cut_ord
structure_cost
density
filiFactor
*feader_cost
‘ugd_csble
‘bur_cable
‘aer_cable
*ugd_{iber
‘bur_fiber
“aer_tiber
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost
pcr_ugd
pct_bur
pct_aer

for 1 =1 to num SAs
sA_ArrnyllI.DlstTOSu\tch = DistToSwitch{li+l}

next

6)

structur.pas
structur.pas
the only procedure used outside of this modula i3 structure_cost_fn

function structure_oost_fn

passed variables:

copper_linas

fiber_lines

density

hardness

depth_to_bedrock

sofl_texture

HinSlope

HaxSiope

Waterth

feeder_indicator [ tells us this i3 for feeder )
copper_indicstor [ tells uvs there 13 copper |}
tiber_lndicator [ tells vs there {3 fiber |
*ugd_structure

‘bur_structure

caar_structure

‘aanhole_cost

*pct_ugd

‘pct_bur

‘pcL_aer

local variables:

i

crltrinl_dcpzh
soil_texture_indicator

fiber_cablas

copper_cablaes

NumberOfDucts

HanholeSpacing

ugd_share

bur_share

aer_share

free_pct

pct_ugd ~ z0K0
pct_bur - seso
pct_ser ~ 2850
critical_depth - sero
soil_texture_indicator = 0
tiber_cables -0
copper_cables -0
HunberOfDucts -0
ManholeSpacing - zaxo
ugd_share ~ soro
bur_share - xes50
sar_sharse - sero




